Peer reviewed version Cyswllt i'r cyhoeddiad / Link to publication
Introduction
Research on the discovery and synthesis of coordination polymers (CPs) or metal-organic frameworks (MOFs) remains an active and important area in crystal engineering, coordination and material chemistry due to the compounds interesting network structures and potential applications in gas storage, separation, luminescence, catalysis, and magnetism [1] . To realize their full potential, it is necessary to construct such crystalline materials with specific structure and functionality by deliberate design with appropriate selection of organic linkers and metal-containing units. Although fluorine containing molecules are of particular interest as the strong electron-withdrawing effect of fluorine group contributes to extraordinary functional properties and numerous applications [2] , fluorinated organic ligands have scarcely been explored in the aspect of inorganic-organic hybrids, especially MOFs or CPs. In this regard, MOFs with fluorinated N-containing heterocycle ligands (such as pyridine-type [3] 
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Materials and general methods
All chemicals were commercially available and used as received. Elemental analyses (C, H and N) were carried out on a PE-2400II (Perkin-Elmer) analyzer. Infrared spectra were recorded on a gravimetric analysis (TGA) experiments were performed on a Dupont thermal analyzer from room temperature to 800 °C (heating rate of 10 °C min -1 , nitrogen stream). The X-ray powder diffraction (XRPD) patterns were recorded on a Rigaku D/Max-2500 diffractometer at 40 kV and 100 mA for a Cu-target tube ( = 1.5406 Å), and a graphite monochromator. Simulation of the XPRD spectra were carried out by the single-crystal data and diffraction-crystal module of the Mercury program available free of charge via the Internet at http://www.iucr.org.
Magnetic data of 1 were collected using crushed crystals of the sample on a Quantum Design MPMS-XL SQUID magnetometer equipped with a 5 T magnet. The data were corrected using Pascal's constants to calculate the diamagnetic susceptibility, and an experimental correction for the sample holder was applied. 
Syntheses of complexes
Synthesis of [CoK2(1,2-BDC-F4)2(MeOH)]n (1)
.
Synthesis of [MnK2(1,2-BDC-F4)2(DMF)]n (2).
The procedure was the same as that for 1 except that Co(NO3)2·6H2O was replaced with Mn(OAc)2·4H2O (73.5 mg, 0.3 mmol), affording yellow block crystals of 2 in ca. 55% yield (111.9 mg, on the basis of 1,2-H2BDC-F4). Anal. 
X-ray crystallography
Single-crystal X-ray diffraction measurements of 1 and 2 were performed on a Bruker Apex II CCD diffractometer at ambient temperature with Mo Kα radiation (λ = 0.71073 Å). A semiempirical absorption correction was applied using SADABS, and the program SAINT was used for integration of the diffraction profiles [10] . The structures were solved by direct methods using SHELXS program of SHELXTL packages and refined anisotropically for all non-H atoms by full-matrix least squares on F 2 with SHELXL [11] . In general, hydrogen atoms were located geometrically and allowed to ride during the subsequent refinement. O-bound H atoms were firstly located in difference Fourier maps, and then fixed geometrically with isotropic temperature factors. Further crystallographic data and structural refinement parameters are summarized in Table 1 , and the selected bond lengths and angles are listed in Table 2 .
(Insert Table 1 & Table 2 here) 3. Results and discussion
Synthesis and general characterization
Complexes 1 and 2 were prepared in the presence of KNO3 with metal acetate at room temperature. When using other alkali metal salts including LiOAc, NaOAc, RbOAc and CsOAc as the potential structure-directing agents, we were unable to isolate, under the same conditions, any solid products suitable for X-ray analysis. Complexes 1 and 2 are stable under ambient conditions and consistent with their polymeric nature are insoluble in water and common organic solvents.
IR spectra of 1 and 2 show the antisymmetric and symmetric stretching vibrations of carboxylate in the range of 1590-1665 cm -1 and 1380-1470 cm -1 , respectively. Additionally, the absence of strong absorption bands around 1740 and 1715 cm -1 for the free 1,2-H2BDC-F4 molecule is characteristic of complete deprotonation of carboxyl groups in 1 and 2. This is also confirmed by the X-ray structure analyses for 1 and 2.
Description of crystal structures
X-Ray diffraction studies of 1 and 2 reveal that they exhibit similar 2D heterometallic-organic frameworks despite their differenent space groups and solvent ligands. Therefore, only the crystal structure of 1 will be described in detail. The asymmetric unit is made up of a half Co(II) ion, one K(I) ion, one 1,2-BDC-F4 dianion and one methanol ligand. As shown in Figure 1a , each Co(II) atom adopts a six-coordinated octahedral geometry provided by six oxygen atoms from four 1,2-BDC-F4 ligands with the Co-O bond distances in the range of 2.063 (2) 
XRPD results
In order to confirm the phase purity of the bulk materials, X-ray powder diffraction (XRPD) experiments were carried out for complexes 1 and 2. The experimental and computer-simulated patterns of 1 and 2 are shown in Figure 3 . Although the experimental patterns have a few un-indexed diffraction lines and some are slightly broadened in comparison with those simulated from single-crystal X-ray diffraction, the bulk synthesized materials and the crystalline material used for single-crystal X-ray studies were the same for both complexes.
(Insert Figure 3 here) 
TGA analyses
Thermogravimetric analyses (TGA) of 1 and 2 were performed by heating the crystalline samples under an atmosphere of N2 between ambient temperature and 800 °C, and the corresponding curves are depicted in Figure 4 . The TGA curves of 1 and 2 are similar, probably due to their structural similarity. Both complexes exhibits high thermal stability with the mass remaining largely unchanged until the decomposition onset temperature of approximately 260 °C. Critical weight losses in the temperature of 260-330 °C indicates the pyrolysis of organic components.
Further heating to 800 °C induces a further continuous and slow weight loss.
(Insert Figure 4 here) 
Magnetic studies
Variable-temperature direct current (dc) magnetic susceptibility data of 1 were measured on polycrystalline samples in the temperature range of 2−300 K with an applied magnetic field of 1000
Oe as shown in Figure 5 . The χMT value at 300 K is 3.42 cm 3 mol −1 K, which is larger than the spin-only value (1.875 cm 3 mol −1 K, S = 3/2, g = 2) for the high-spin octahedral Co(II) ion as a consequence of unquenched orbital angular momentum [14] . Upon cooling, the χMT value decreases to reach a value of 1.76 cm 
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a Symmetry transformations used to generate equivalent atoms. For 1, #1: -x, y, -z -1/2; #2:
x, -y, z -1/2; #3: -x, -y, -z; #4: -x, y, -z + 1/2; #5: -x + 1, y, -z + 1/2; #6: x, -y, z + 1/2; #7: -x + 1, -y, -z + 1; For 2, #8: x, -y + 1/2, z -1/2; #9: x, -y + 1/2, z + 1/2; #10: x + 1, -y + 1/2, z + 1/2; #11: 1 + x, y, z; #12: x, y, z -1; #13: x + 1, y, z + 1. 
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